Introduction {#S0001}
============

Chronic Obstructive Pulmonary Disease (COPD) is a common chronic respiratory disease characterized by progressive and irreversible airflow limitation. Symptoms of COPD may include dyspnea, chronic cough, productive cough, weight loss, and decreased exercise and daily activity tolerance. Hypoxia occurs when blood oxygen levels drop during rest, sleep, or activity, and it may develop into respiratory failure after recurrent exacerbations. COPD often coexists with other diseases; comorbidities are common among COPD patients at any stage of the disease.[@CIT0001],[@CIT0002]

The Charlson comorbidity index (CCI) was first developed by Charlson et al in 1987 as an assessment of disease severity and mortality prediction. It is a criterion of 15 chronic diseases, including myocardial infarction, chronic heart failure, COPD, peripheral vascular disease, cerebrovascular disease, dementia, diabetes mellitus, systemic hypertension, liver disease, renal disease, cancer, connective tissue diseases, HIV, skin ulcers, peptic ulcer disease, depression and anticoagulants use.[@CIT0003] CCI scores comorbidity on a scale of 0--33, where higher CCI indicates a greater number and severity of comorbidity with higher medical needs that lead to a higher medical burden.[@CIT0004]--[@CIT0007] Multiple comorbidities are common among COPD patients; as a consequence, there is a correlation between the CCI and the mortality rate[@CIT0008] and hospitalization days[@CIT0009] of COPD patients.

At present, many tools are used to assess the severity and prognosis of COPD patients. Celli et al introduced the BODE index, which has clinically proven to be a significant predictor of disease severity and mortality.[@CIT0010] The BODE index is a multidimensional index of disease severity in COPD that incorporates four independent predictors: the body mass index (BMI), the degree of airflow obstruction assessed by the Forced Expiratory Volume in one second (FEV~1~), the modified Medical Research Council (mMRC) dyspnea scale, and the exercise capacity assessed by the 6-min walking distance (6MWD) test. Among patients with COPD, the BODE index is a better predictor of disease severity, number of acute exacerbations, and mortality than the FEV~1~.[@CIT0011] Saint George's Respiratory Questionnaire (SGRQ) is also an instrument evaluating COPD patients that provides information on health status (quality of life). Studies have shown that the BODE index better predicts mortality than the SGRQ.[@CIT0005]

The score of the BODE index is divided into four quartiles,[@CIT0010] where the highest quartile indicates the most serious disease. Increasing BODE quartiles were associated with a higher risk of death.[@CIT0012],[@CIT0013] Except for survival predictions, the BODE quartile is a good predictor of both the number and severity of exacerbations in patients with COPD.[@CIT0011] Acute exacerbation of COPD is the main cause of increasing hospitalization[@CIT0013] and medical needs, accounting for most of the economic burden of the disease. The purpose of this study was to analyze the correlation between the BODE index, comorbidity, and healthcare resource utilization in COPD.

Methods and Materials {#S0002}
=====================

Data Source {#S0002-S2001}
-----------

This is a retrospective study of clinical outcomes. The data were drawn from the electronic database of the Kaohsiung Chang Gung Medical Center (KCGH) and were reviewed and approved by the Institutional Review Board Committee (IRB: 201701293B0) of Chang Gung Medical Center. The IRB of Chang Gung Medical Center did not require patients to agree to a review of their medical records for this retrospective study. This study complies with the Helsinki Declaration and Good Clinical Practice Guidelines and was approved by the Ethics Committee of Chang Gung Medical Center.

Patients who had undergone a 6 min walking test (6MWT) in the respiratory therapy department (n = 1063) between 2015 and 2016 were selected for data collection and analysis. The patients' retrospective reports of the 6 min walking test were dated from January 31, 2015, to August 31, 2017 (a total of 32 months). The electronic data of the medical records and healthcare resource utilization were from KCGH. The inclusion criteria of patients with COPD in KCGH were as follows: 1) diagnostic code ICD-9-CM: 490--496, ICD-10-CM: J41-J44 (n = 507); 2) at least a complete clinical record of 6MWT; 3) diagnosed as COPD by a post-bronchodilator FEV1/FVC \<70% with persistent expiratory flow obstruction according to the COPD GOLD guideline; 4) excluded those who were less than 40 years old. We collected medical information, the number of outpatient visits, the number and days of hospitalization, and medical expenses of the selected patients (n = 396). The selection process was shown below ([Figure 1](#F0001){ref-type="fig"}).Figure 1Flow chart of participant selection in this study.

Study Population {#S0002-S2002}
----------------

Following Celli et al, the BODE index was categorized into 4 quartiles: quartile 1 by a score of 0--2; quartile 2, 3--4; quartile 3, 5--6; and quartile 4, 7--10.[@CIT0010],[@CIT0013] The CCI data were obtained from the specific diagnostic codes that appeared during the 32 months of the patients' retrospective reports. The data on healthcare resource utilization consisted of total medical expenses including outpatient clinic visits, hospitalization days, examination fees, and drug costs during the 32 months of each patient's retrospective report. The correlations between the BODE index, CCI, and medical expenses in patients with COPD were then analyzed.

Statistical Analysis {#S0002-S2003}
--------------------

Data distributions are presented as mean and standard deviation (mean ± SD), median (Interquartile range, IQR), or N (%). Chi-square tests, Fisher's exact test, and one-way analysis of variance (one-way ANOVA) were applied to compare the differences in variables by quartiles, and then a posteriori comparisons were made with Scheffé's test. Lastly, one-way ANOVA and linear contrasts were applied to check for linear trends. Analysis of data was performed using the Statistical Package for the Social Sciences (SPSS) version 22.

Results {#S0003}
=======

A total of 396 COPD patients were included under the inclusion criteria. [Table 1](#T0001){ref-type="table"} shows the baseline characteristics of the study population. A majority of the subjects, 382 were male, accounting for 96.5% of the total, and the average age was 71.3 years ± 8.4 years. In terms of smoking status, the average length of smoking was 31.7 years ± 18.5 years. The body mass index (BMI, Kg/m^2^) was 23.5 ± 4.1.Table 1Baseline Characteristics of COPD Patients Included in the Study (n=396)FactorsMean ± SD or N (%)Age (yr)73.1 ± 9.5Male (%)382 (96.5)Smoking history (pack-yr)31.7±18.5Body mass index (BMI)23.5 ± 4.1FVC (% of predicted value)79.7±16.7FEV1/FVC (%)52.7 ± 10.6FEV1 (% of predicted value)55.2 ± 18.2DLCO (%)68.5 ± 21.0GOLD Stage (%) GOLD I46 (11.6) GOLD II187 (47.2) GOLD III140 (35.4) GOLD IV23 (5.8)MIP72.2 ± 30.5MEP98.3 ± 46.8CCI3.3 ± 2.8BODE index3.0 ± 2.1BODE Quartile: Q1, Q2, Q3, Q4 (%)^a^ Quartile 1188 (47.5) Quartile 2109 (27.5) Quartile 371 (17.9) Quartile 428 (7.1)mMRC1.72 ± 0.9mMRC Dyspnea ScaleScale 0/1/2/3/425/133/173/56/96MWD (m)351.9 ± 111.6[^1]

According to the definition of severity of the COPD GOLD guideline,[@CIT0014],[@CIT0015] the patients with moderate to severe severity made up 82.6%, the largest subset in this study. Among them, there were 187 patients with moderate severity, making up 47.2% of the total, and 140 patients with severe severity, making up 35.4% of the total. CCI had a mean score of 3.3 ± 2.8; mMRC, 1.72 ± 0.9; and the BODE index, 3.3 ± 2.1 (quartile 1: 47.5% (n = 188); quartile 2: 27.5% (n = 109); quartile 3: 17.9% (n = 71); quartile 4: 7.1% (n = 28)). The mean distance of 6MWT was 351.9 ± 11.6 m ([Table 1](#T0001){ref-type="table"}).

[Figure 2](#F0002){ref-type="fig"} shows the correlation between the BODE index and the CCI index. The higher the BODE quartile score, the higher the CCI score, and the positive correlation between the two was significant (*p* \< 0.001). In addition, CCI was divided into two groups: high (CCI ≥ 3) and low (CCI \< 3). Because BODE quartile 3 (n = 71) and quartile 4 (n = 28) had fewer samples, we combined them to avoid statistical error ([Figure 3](#F0003){ref-type="fig"}). [Figure 3](#F0003){ref-type="fig"} shows BODE against hospitalization expenses for the high CCI and low CCI groups. Hospitalization expenses were positively correlated with CCI (*p* \< 0.001). At the same CCI, the higher the quartile, the higher the hospitalization expenses. In the high CCI group, quartile 1 hospitalization expenses were NT\$ 44,664; quartile 2 hospitalization expenses, NT\$ 67,745; and quartiles 3−4 hospitalization expenses, NT\$ 76,589; thus, the average hospitalization expenses increased, but not statistically significantly so. In the low CCI group, the hospitalization expenses were quartile 1, NT\$14,643; quartile 2, NT\$ 18,030; and quartiles 3−4, NT\$ 29,638. Again, the average hospitalization expenses increased, but not statistically significantly so.Figure 2Line of positive correlation between BODE quartiles and Charlson comorbidity index (*p* \< 0.001).**Notes:** Post hoc comparison with Scheffé's method for significant difference between BODE quartile 1 and quartile 4 (*p* = 0.024).Figure 3Hospitalization expenses by BODE quartiles for the high CCI and low CCI groups. Patients with high CCI level had higher hospitalization expenses than those with low CCI level after adjusting for BODE quartiles (*p* \< 0.001).

In these patients as a whole, the average number of outpatient visits per person was 16 (median; IQR, 10−23), and outpatient medical expenses were NT\$ 45,393. The number of hospitalizations was 0 (0−1), and hospitalization days were 0 (0−12). [Figure 4](#F0004){ref-type="fig"} shows a non-linear trend among BODE quartiles by number of outpatient visits (*p* = 0.462), such that there were more outpatient visits in BODE quartile 2 than quartiles 3−4. [Figures 5](#F0005){ref-type="fig"} and [6](#F0006){ref-type="fig"} show a linear trend of BODE quartiles by number of hospitalizations and of BODE quartiles by length of hospital stay, with both trends significant (*p* \< 0.001). Both of these relationships (BODE quartiles with number of hospitalizations and length of hospital stay) are significant after post hoc comparison using Scheffé's method such that BODE quartile 1 = quartile 2 \< quartile 3 \< quartile 4. Thus, the higher BODE quartiles showed significantly greater hospitalization needs. The number of hospitalizations for BODE quartile 3 were 1.17 times more hospitalizations than quartile 1 (*p* \< 0.001). Quartile 4 patients were admitted 13.79 days longer on average than quartile 3 (*p* = 0.042), a significant difference.Figure 4Non-linear trend of number of outpatient visits by BODE quartiles (*p* = 0.462).Figure 5Linear trend of number of hospitalizations by BODE quartile (*p* \< 0.001).**Notes:** The relation among BODE quartiles by number of hospitalizations after post hoc comparison with Scheffé's method is BODE quartile 1 = quartile 2 \< quartile 3 \< quartile 4.Figure 6Linear trend of length of hospital stay by BODE quartile (*p* \< 0.001).**Notes:** The relation among BODE quartiles for length of hospital stay after post hoc comparison with Scheffeé's method is BODE quartile 1 = quartile 2 \< quartile 3 \< quartile 4.

[Figure 7](#F0007){ref-type="fig"} shows a non-linear trend among BODE quartiles for outpatient expenses (*p* = 0.532), such that the outpatient expenses of BODE quartile 2 were NT\$ 78,475, higher than BODE quartile 3, NT\$ 66,473 and quartile 4 NT\$ 54,023. [Figure 8](#F0008){ref-type="fig"} shows the relation between BODE quartiles and hospitalization; the overall *p*-value was marginally significant (*p* = 0.047) after multiple comparisons. [Figure 9](#F0009){ref-type="fig"} shows a linear trend among BODE quartiles for total medical expenses (*p* = 0.024).Figure 7Non-linear trend of outpatient expenses by BODE quartile (*p* = 0.532).Figure 8Relation between BODE quartiles and hospitalization. Overall *p*-value is marginally significant (*p* = 0.047) after multiple comparisons.Figure 9This shows linear trend among BODE quartiles with total medical expenses (*p* = 0.024).

Discussion {#S0004}
==========

In this study, the data show the BODE index to be correlated positively with the CCI, number of hospitalizations, length of hospital stay, and total medical expenses of COPD patients. For the same CCI, the higher the BODE quartile, the higher the hospitalization expenses.

Why is CCI correlated with medical expenses? This is because of the many comorbidities in COPD, which as a chronic inflammatory disease of the lungs causes inflammatory mediators to spill over into the blood stream and injure other organs. Other studies have found that COPD patients had more comorbidities.[@CIT0016],[@CIT0017] "High CCI will have higher medical costs," Cavaillès et al found, stating that "COPD comorbidities lead to more hospitalization, mortality and medical costs" and "Hospitalization cost is the major cost."[@CIT0018]--[@CIT0020] This study also found CCI scores to be associated with hospitalization expenses.

FVC/FEV~1~ is a tool used to diagnose the severity of COPD[@CIT0021] airflow, but does not suffice to measure the overall severity of COPD. The BODE index is an effective multidimensional-grading-system tool that is better predictive of disease severity, hospitalization needs, and risk of death than FEV~1.~[@CIT0013],[@CIT0022],[@CIT0023]

Previous research found that a worse BODE index is associated with higher healthcare resource utilization.[@CIT0024] The integrated Pro-BODE score proved proportional to the cost of care.[@CIT0025] In their study, Bu et al found that "Patients with increased BODE index had significantly higher hospital presentation rates and longer total bed-days compared to those with stable BODE index."[@CIT0026] Both the frequency of hospitalization and the number of hospital stays increased with a higher BODE index, which is consistent with our research.

In addition, according to our data, patients with quartile 3 and quartile 4 BODE scores have fewer outpatient medical needs than quartile 2. We speculate that the likely reasons are as follows: 1) Patients with BODE quartile 3 and quartile 4 have high disease severity that may cause a higher frequency of hospitalization and longer hospitalization stays, which leads to a decreased number of outpatient visits. 2) The above-average symptoms of dyspnea and reduced mobility of patients with BODE quartile 3 and quartile 4 may increase the difficulty of visiting outpatient clinics, as they need more assistive devices such as wheelchairs, oxygen, and caregiver assistance to go out to fulfill their medical needs, leading to a lower outpatient clinical visit rate than in patients with quartile 2 BODE scores.

Limitations {#S0005}
===========

There were some limitations to our study. First, as this is a retrospective study, a prospective study is needed to prove the clinical outcomes. Second, the source of the case data was a single medical center, and the cases who performed the 6MWT were almost all male during the period covered by our data collection, which cannot allow a more objective, representative selection of all groups of COPD. Third, medical expenses are divided into direct medical expenses and indirect medical expenses. The data we collected are only of direct medical expenses. Our study had a lack of indirect medical expense data related to COPD and comorbidities. These indirect medical expenses include the cost of productivity loss at work, the loss of productivity due to early retirement, payments for disability pensions, and care fees. Theoretically, patients with higher BODE will have higher indirect medical expenses, leading the total medical costs in higher BODE index patients to be higher than in those with lower BODE.

Conclusion {#S0006}
==========

The study demonstrates that the BODE index is positively correlated with the number of hospitalizations, hospitalization days, hospitalization expenses, and total medical expenses. With the same CCI, the higher the Quartile, the higher the hospitalization expenses. Therefore, the BODE index and CCI together can accurately predict the medical expenses of COPD.
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[^1]: **Notes:** ^a^Quartile 1 was defined by a score of 0--2, quartile 2 by a score of 3--4, quartile 3 by a score of 5--6, and quartile 4 by a score of 7--10.

    **Abbreviations:** BMI, body mass index; CCI, Charlson comorbidity index; 6MWD, 6 mins walking distance; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; MRC score, Medical Research Council dyspnea scale; BODE index, composite index of Body mass index, airflow maximum expiratory pressure Obstruction, Dyspnea, and Exercise capacity; MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure.
